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摘  要 
分别以光滩为对照，在青礁-白礁选取 5 年生、6 年生和 8 年生秋茄人工林以




对 pH 有极显著影响（p＜0.001），青礁-白礁光滩和天然林土壤 pH 分别为 6.64
和 4.56。随深度增加，土壤容重增加，分行维数表层高于底层。从滩位变化上看，




效磷含量分别为 20.26 和 0.8154 mg/kg，秋茄天然林氨氮和有效磷含量分别为
183.55和 15.6950 mg/kg；秋茄天然林和光滩有机碳含量分别为 22.3526和 13.0981 
g/kg，草铺头有机碳含量随林龄增加而增加，腐殖酸、胡敏酸、富里酸与有机碳









17.75、46.27 mg NH3-N/gDW，过氧化氢酶活性在光滩和天然秋茄林分别为 17.07、
11.44 ml 0.1N KMnO4/gDW。随着深度的增加，天然秋茄林微生物呼吸作用和脲
酶活性增强，过氧化氢酶活性减弱。从滩位变化上看，三者都是在外滩 弱，可
见外滩由于长期淹水，微生物活性较低。 
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Abstract 
Effects of restoration of Kandelia candel mangrove vegetation on soil physical, 
chemical and biochemical parameters were investigated in Jiulongjiang river estuary. 
At Site Qingjiao-Baijiao, one five-year old replanted forest, one six-year old replanted 
forest, one eight-year old replanted forest, one nature forest and one barren beach plot 
were selected. Meanwhile, one twenty-year old replanted forest, one forty-four-year 
old replanted forest and one barren beach plot were selected at Site Caoputou. The 
aim of this study was to explore variation of soil parameters along with development 
of replanted mangroves. 
Water content, pH and interstitial water salinity decreased with restoration time at 
both Qingjiao-Baijiao and Caoputou. MANOVA indicated that restoration time had 
remarkable effects on pH (p<0.001) and soil pH values in the barren beach and natural 
mature K. candel mangroves were 6.64 and 4.56 at Qingjiao-Baijiao, respectively. 
Soil volume weight increased with soil depth, but fractal dimension of surface layer 
was highest. At mid flat, water content and interstitial water salinity was highest, 
while fractal dimension was lowest with value of 2.1208.  
  For nutrients, restoration time had remarkable effects on total nitrogen, 
NH4+-N, available phosphorus, organic carbon, humic acid and fulvic acid at both 
sites (p<0.001). Total nitrogen in K. candel mangroves was higher than in barren 
beach, while total phosphorus in K. candel mangroves is lower than in barren beach; 
NH4+-N and available phosphorus increased with restoration time, and their contents 
were 20.26 and 0.8154 mg/kg in the barren beach at Qingjiao-Baijiao, 183.55 and 
15.6950 mg/kg in the natural mature K. candel mangrove. Organic carbon in the 
natural mature K. candel mangrove and barren beach were 22.3526 and 13.0981 g/kg 
respectively. Organic carbon increased with restoration time at Caoputou, and humic 
substances, humic acid and fulvic acid were siginificantly correlated with organic 
carbon (r=0.904, p<0.01; r=0.839, p<0.01; r=0.817, p<0.01), with the same tendency 
with organic carbon. NH4+-N significantly increased with soil depth (p<0.001). Tide 
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(p<0.001): total phosphorus was highest in inner flat, while NH4+-N was highest in 
outer flat, and others were highest at mid flat. This showed that mid flat had most 
abundant nutrients and suitable for mangrove growth.  
For soil biochemical parameters, restoration time also had remarkable effects on 
microbial respiration, urease activity, catalase activity (p<0.001). With restoration 
time, microbial respiration and urease activity increased but catalase activity 
decreased. Urease activity in the barren beach and natural mature forest are 17.75 and 
46.27 mg NH3-N/gDW, catalase activity in the barren beach and natural mature forest 
are17.07 and 11.44 ml 0.1N KMnO4/gDW respectively. With increase in soil depth in 
natural mature forest, microbial respiration and urease activity increased but catalase 
activity decreased. As for tide level, microbial respiration, urease activity and catalase 
activity were lowest in outer flat, showing that microbial activities were low due to 
long-time tidal inundation. 
In a conclusion, mangrove restoration of K. candel had remarkable enhancement 
on soil physical, chemical and biochemicalc parameters. 
Key words: Mangrove; Kandelia candel; restoration; soil; physical and chemical 
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1960 年代以来，我国的红树林经历了三次较为严重的破坏：（1）20 世纪 60
年代到 70 年代的围海造田；（2）80 年代以来的围塘养殖；（3）90 年代以来的城
市化、港口码头及开发区的建设（王文卿和王瑁，2007）。2001 年国家林业局组
织的全国湿地调查，得出全国红树林总面积为 22025 hm2，加上港澳台地区的 656 
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土类和黏土类，小于 0.01 mm 的物理黏粒含量一般为 30%-85%。对九龙江口红
树土壤的研究发现，秋茄林与白骨壤林土壤质地黏细，无石砾，颗粒大小较均匀，
多属中黏土，小于 0.01 mm 的物理性黏粒含量 68%-82%，小于 0.001 mm 的颗粒
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对陆地土壤的研究证实，土壤容重与根系生长呈负相关（Asady & Smucker, 
1989）。对红树林土壤的研究也得到类似结果：严重破坏的红树林土壤容重指数








外如果对土壤通风，将会刺激根生物量增加 40%（Koch et al.，1997）。 
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